Abstract. Choose the aluminum borate whisker (40wt%) reinforced aluminum phosphate composite material, molding under the pressure of 100 MPa and 200 MPa, and sintered at 1050°C , 1100°C , 1150°C , 1200°C , 1250°C , 1300°C , 1350°C , then test the flexural strength, Vickers hardness and fracture toughness of composites. The results show that the flexural strength, Vickers hardness and fracture toughness of the sample increase first and then decrease with the increase of sintering temperature; at the same sintering temperature, the mechanical properties of the sample under 200MPa are better than that of the sample under 100MPa.
Introduction
For the composites prepared by pressureless sintering process, the molding pressure has very important influence on the mechanical properties of the composite [1] . A certain pressure must be exerted for powder molding; the suitable molding pressure can improve green density and create conditions in intimate contact between the particles for sintering, so that the diffusion resistance is reduced during sintering. Usually green density and densification degree of sintered is proportional. In general, the greater the pressure molding, the closer contact between the particles, the more favorable the sintering. However, if the pressure is too large, the plastic deformation of powder will over the limit, so that the green strength is insufficient make brittle fracture [2] .
The Influence of Molding Pressure on the Flexural Strength of Composite Materials
Tab. 1 shows the effects of sintering temperature and forming pressure on flexural strength. The relation of sintering temperature and forming pressure with flexural strength of composites is shown in Fig. 1 It can be seen from Fig. 1 , the bending strength variation of the sample molding under 200MPa and molding under 100Mpa is the same, which first increases and then decreases. However, the sintering temperature that reaches the maximum bending strength is not the same, which is 1200°C and 1250°C respectively. At the same sintering temperature, with the increase of the forming pressure, the bending strength of the sample also will be improved to some extent. This is because when the molding pressure increases, inside the green body, the arrangement between the substrate and the substrate and between the substrate and the whiskers are more closely, the porosity content of the green body reduced. This facilitates the matrix plastic flow under external force, which contribute to rearrange between the phase particles and whiskers, and the sample can be achieved complete sintering at lower temperatures, densification, and improved the bending strength of the composite [3] . Analysis result shows that when the sample with 40wt% whisker forming under the pressure of 100MPa was sintered at 1250°C , its maximum bending strength was 186.32MPa; and when the sample with 40wt% whisker forming under the pressure of 200MPa was sintered at 1200°C , its maximum bending strength was 231.35MPa.
The Influence of Molding Pressure on the Vickers Hardness of Composite Materials
Tab. 2 shows the effects of sintering temperature and forming pressure on Vickers hardness of composites. The relation of sintering temperature and forming pressure with Vickers hardness of composites is shown in Fig. 3 It can be seen from Fig. 3 , the Vickers hardness variation of the sample molding under 200MPa and molding under 100Mpa is the same, which first increases and then decreases. However, the sintering temperature that reaches the maximum Vickers hardness is not the same, which is 1200°C and 1300°C respectively. It can also be seen from Figure 4 , at the same sintering temperature, with the increase of the molding pressure, the Vickers hardness of the sample also will be improved to some extent. When the sample forming under the pressure of 200MPa was sintered at 1200°C , its maximum Vickers hardness was 308.06MPa. These variations are also due to increase sample molding pressure, so that the porosity and the relative density of the sample have changed [4] . Tab. 3 shows the effects of sintering temperature and forming pressure on fracture toughness of composites. The relation of sintering temperature and forming pressure with fracture toughness of composites is shown in Figure 4 Tab. It can be seen from Figure 4 , the fracture toughness variation of the sample under different pressures molded is the same, which first increases and then decreases. And at the same sintering temperature, with the increase of the molding pressure, the fracture toughness also will be improved to some extent, but the level of increase is not great. Although increasing the molding pressure can make the combination between matrix and whisker more tightly and make the interface between the matrix and the whiskers more firmly, crack propagation becomes easier. This is because after the molding pressure is increased, porosity of the sample decreases, the density increase, microscopic defects reduce, the possibility that cracks encountered defects in the course of extending are reduced, so that energy consumption reduces [5] . When the sample with 40wt% whisker forming under the pressure of 100MPa was sintered at 1300°C , its maximum fracture toughness was 3.86 MPa•m 1/2 ; and when the sample with 40wt% whisker forming under the pressure of 200MPa was sintered at 1250°C , its maximum fracture toughness was 4.2MPa•m 1/2 .
Summary
In the test, when the forming pressure was 200MPa, the sample was hard to demould, and fractured at the edge of the green body. Further, Compared to the sample molding pressure under 200MPa and molding pressure under 100MPa, the porosity and relative density are improved, but the level of increase is not great. Compared with the sample containing 30wt% whisker and molded under pressure 100MPa, the performance indicators is similar and has stabilized. This shows that 100MPa molding pressure can satisfy the molding requirements of aluminum borate whisker -aluminum phosphate composite material. The molding pressure is more, the porosity is smaller, it will also increase the dielectric constant of the composite material to reduce dielectric properties. Therefore, this experiment chose 100MPa as aluminum borate whisker -aluminum phosphate composite molding pressure.
